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[Title of the Invention]Perfume-holding powder and composition containing the same 
[Abstract] 

An object of the invention is to provide a perfume-holding powder that is smaller in 
fluctuation of perfume-emitting velocity over time and allows retention of the perfume for 
a prolonged period of time perfume. 

Provided are a perfume-holding powder characterized by containing a mesoporous 
powder containing silicon oxide as the primary component and a perfume held thereon, 
and a cosmetic containing the same. 
[What is Claimed is] 

[Claim 1] A perfume-holding powder characterized by containing a mesoporous powder 
containing silicon oxide as the primary component and a perfume held thereon. 
[Claim 2] The perfume-holding powder according to Claim 1, wherein the mesoporous 
powder is a bulky powder having pores having a depth of 50 to 300 nm. 
[Claim 3] The perfume-holding powder according to Claim 1, wherein the mesoporous 
powder is a rod-shaped powder containing pores having an external diameter of 20 to 200 
nm and the pores are stretching in the length direction of the rod. 
[Claim 4] The perfume-holding powder according to Claim 2, wherein the mesoporous 
powder is prepared by dissolving a silicate salt having a composition of 0<SiO2/Y2O<2 (Y: 
an alkali metal atom) in the presence of a cationic surfactant at pH 11 or more to a 
concentration of 0.1 to 1.2 M; adjusting the solution to a pH of 10.5 or less, thus forming a 
rod-shaped micelle with the cationic surfactant and allowing the silicic acid to condensate 
on the rod-shaped micelle; and removing the cationic surfactant from the micellar 
condensate having the silicate salt formed as the external shell by the condensation above. 
[Claim 5] The perfume-holding powder according to Claim 3, wherein the mesoporous 
powder is prepared by dissolving a silicate salt having a composition of 0<SiO2/Y2O<2 (Y: 
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alkali metal atom) in the presence of a cationic swf actant at pH 11 or more to a 
concentration of 03 to 1,2 M; adjusting the solution to a pH of 10.5 or less within 30 
minutes, thus forming a rod-shaped micelle with the cationic surfactant and allowing the 
silicic acid to condensate on the rod-shaped micelle; and removing the cationic surfactant 
from the micellar condensate having the silicate salt formed as the external sheU by the 
condensation above. 

[Claim 6] A composition, characterized by containing the perfume-holding powder 
according to any of Claims 1 to 5. 
[Description of the Invention] 
[0001] 

[Technical Field] The present invention relates to a perfume-holding powder and a 
composition containing the same, in particular to improvement in perfume-holding 
mechanism by using a mesoporous powder as a holder. 
[0002] 

[Background Art] Various materials, for example perfumes, are volatile or easily 
deteriorated, and various methods have been employed for preserving these materials for 
an extended period. The methods include, for example, a method of dispersing and 
embedding a perfume in resin, a method of controlling the perfume vaporization rate by 
enclosing a perfume molecule in a material having openings such as cyclodextrin or the 
like. Materials produced by the former method is effective for preservation of the 
perfumes for indoor use but not appropriate, for example, for application to human. 
Alternatively, materials produced by the latter method, i.e., perfume clathrate materials, 
can be processed into the powder or paste form and are appropriate for application to 
human and others. 
[0003] 

[Problem to be Solved by the Invention] However, the method of using cyclodextrin or the 
like carried the problem of the change in perfume intensity over time. The present 
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invention is made in view of the problems associated with the conventional art, and an 
object of thereof is to provide a perfume-holding powder that is smaller in the change in 
perfume-emitting velocity over time and allows preservation of the perfume consistently 
for a prolonged period of time and a composition containing the same. 
[0004] 

[Summary of the Invention] After intensive studies to attain the object, the present 
inventors have found that it was possible to produce a mesoporous powder having minute 
micropores, i.e., having openings of 2 to 50 nm in diameter that was effective in preserving 
the perfume for an extended period of time and equalizing the emission velocity thereof by 
allowing a silicate salt having a particular silicon/alkali metal ratio to react at a particular 
concentration, and completed the present invention. The perfume-holding powder 
according to the present invention is characterized in that a silicon oxide is used as the 
base material for the perfume-holding powder and a perfume is held in the mostly 
uniform pores of the mesoporous powder for achieving the object. 
[0005] In the present invention, the mesoporous powder preferably is a bulky powder 
having pores of 50 to 300 nm in depth. In addition in the present invention, the 
mesoporous powder is favorably a rod-shaped powder having an external diameter of 20 
to 200 nm and the pores therein stretching in the length direction. In the present 
invention, the bulky powder is favorably produced by dissolving a silicate salt having a 
composition of 0<SiO2/Y2O<2 (Y: alkali metal atom) in the presence of a cationic 
surfactant at pH 11 or more to a concentration of 0.1 to 1.2 M; adjusting the solution to a 
pH of 10.5 or less, thus forming a rod-shaped micelle with the cationic surfactant and 
allowing the silicic acid to condensate on the rod-shaped micelle; and removing the 
cationic surfactant from the micellar condensate having the silicate salt formed as the 
external shell by the condensation above. 

[0006] In addition in the present invention, the rod-shaped powder is favorably produced 
by dissolving a silicate salt having a composition of 0<SiO2/Y2O<2 (Y: alkali metal atom) 
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in the presence of a cationic surfactant at pH U or more to a concentration of 03 to 1.2 M; 
adjusting the solution to a pH of 10.5 or less within 30 minutes, thus forming a rod-shaped 
micelle with the cationic surfactant and allowing the silicic acid to condensate on the 
rod-shaped micelle; and removing the cationic surfactant from the micellar condensate 
having the silicate salt formed as the external shell by the condensation above. In 
addition, the composition according to the present invention is characterized by containing 
the perfume-holding powder above. 
[0007] 

[Best Mode for Carrjing Out the Invention] Recognizing the possibility of the mesoporous 
powder containing silicon oxide as the primary component, the inventors have conducted 
the following tests. Namely, 0.5 mol (0.5 M) of sodium metasilicate (Na2Si03) and 0.1 mol 
(0.1 M) of behenyltrimethylammonium chloride (BTC) were dissolved in 1 L of 
ion-exchange water. The solution was kept at a temperature of 70^C at the time, added 
with 2 N hydrochloric acid immediately after solubilization at a flow rate of 120 mL/min, 
and adjusted to a pH of 8 to 9. Then, the solution was filtered, and the filter cake was 
washed with water and baked at 700®C for 3 hours, to give a rod-shaped mesoporous 
powder. 

[0008] A linalool (perfume) holder was prepared by using the rod-shaped mesoporous 
powder and p-cyclodextrin O-CD). The holder was left in a thermostat oven at 40°C, 
and the linalool concentration in the headspace was determined by GC-MAS. Results are 
summarized in Fig. 1. The linalool concentration was expressed by its peak area value. 
[0009] As apparent from the Fig., when linalool is placed alone, the headspace linalool 
concentration decreases rapidly with the passage of storage time. In contrast, when 
P-CD is used as a holder, the concentration decreases to the lowest after around 1 week, 
gradually increases since then for about one month, and then decreases as time further 
goes by. The change seems to be the result of the influence of decomposition or 
denaturation of P-CD rather than simply of the fluctuation in perfume vaporization rate. 
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On the other hand, when the rod-shaped mesoporous powder according to the present 
invention is used as a holder, the concentration reaches a steady state in about three days 
and does not vary significantly. 

[0010] Further, noteworthy is the fact that when water is added to the perfume-holding 
powder according to the present invention, the perfume concentration in the headspace or 
the vaporization rate is increased drastically. Although still rather ambiguous, it seems 
to be because the mesoporous powder used in the present invention has micropores 
uniform in opening diameter; once a perfume is contained in the micropores, the contact 
area between the perfume and external air becomes almost identical with the micropore 
opening area independent of the change in the amount of the perfume added and thus the 
vaporization rate becomes constant; and the hydrophilicity of the internal surface of the 
micropores is relatively high, the perfume is replaced with water when water is injected, 
resulting in emission of the perfume outward form the micropores. The mesoporous 
powders particularly favorably used in the present invention are those prepared after 
examining the behavior of the water-soluble components obtained when silicic acid is 
dissolved in an alkali solution. 

[0011] After studies, the inventors have found that it was possible to obtain an extremely 
uniform mesoporous powder by allowing silicate ions in the dissolved state at a ratio of 
0<SiO2/Na2O<2 to condensate onto quaternary ammonium salt micelles. When the 
Si02/Y20 ratio is greater than 2, the powder finally obtained undesirably has micropores 
lower in uniformity. For that reason, if a material having a SiOi/YiO ratio of more than 
2 such as water glass is used, it is generally not possible to obtain a uniform mesoporous 
powder because of the difficulty in restoring the dissolved state due to white turbidity 
generated in the presence of a cationic surfactant. Although there is a report (JP-A No. 
5-503499) on a method of forming a mesoporous powder from a composition having a 
SiOiAViO ratio of 2 or more, the method is aimed at producing a mesoporous powder 
essentially containing an aluminium compound additionally and thus it is unfavorable 
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because of the concern about the possibility of denaturation of the perfume by the 
catalytic action of the aluminum compound. It is possible to produce a bulky or 
rod-shaped mesoporous powder when the silicate salt concentration is in a particular 
range, and rod-shaped mesoporous powder is particularly preferable among them from 
the viewpoint of perfume-holding capacity. 

[0012] Hereinafter, favorable embodiments of the present invention will be described 

separately. 

Silicate salt 

The silicate salt for use in production of the mesoporous powder according to the present 
invention has a ratio of 0<SiO2/Y2O<2 (Y: an alkali metal atom), and Na or K is 
particularly favorable as the alkali metal atom from the point of availability. The silicate 
salts can be produced by allowing various "silicon-containing materials" to react with an 
alkali, for example, NaOH. Examples of the "silicon-containing materials" include 
silicon oxide, silicate salts, silicon alkoxides, water glasses, and the like. Examples of the 
silicate salts include Na2Si03, Na4Si04, and the like. 

[0013] Examples of the silicon alkoxides include tetramethyl orthosilicate, tetraethyl 
orthosilicate, and the like, and the alkoxides are favorably used as a mixture, for example 
with a silicate salt, because the reactivity thereof is lower alone. Examples of the water 
glasses include those of JIS No. 1, JIS No. 2, JIS No. 3, and the like. Most of these 
"silicon-containing materials" have a SiOi/NaiO ratio of more than 2.0 and thus do not 
allow production of a uniform mesoporous powder because it is not possible to preserve- 
the dissolved state in the presence of the cation surfactant described below. Thus, it is 
necessary to obtain a silicate salt at a ratio in the range of 0<SiO2/Y2O<2 by solubilizing 
the silicon-containing materials by adding, for example, an alkali agent such as sodium 
hydroxide. 

[0014] The silicate salt according to the present invention has the ratio of Si02/Na20 less 
than 0.5, allows production of a mesoporous powder but leads to increase in cost due to 
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overuse of the alkali agent. Alternatively, if the ratio Si02/Na20 is 2 or more, the aqueous 
solution becomes more turbid in white and less dissolved, making it more difficult to 
provide a uniform mesoporous powder. For that reason, a ratio of 0<SiO2/Y2O<2 is 
preferred and a ratio of 0.S^iO2/Y2Q<1.9 is particularly preferable in the present 
invention 

[0015] Cationic surfactant 

On the other hand, a quaternary ammonium salt is favorable as the cationic surfactant. 
Examples of the quaternary ammonium salts include quaternary alkylammonium salts, 
[R4N] X and cyclic quaternary ammonium salts represented by the following Formula. 
[0016] 
[Formula 1] 




Examples of the ammonium salts represented by the Formula above include those wherein 
R represents H, an alkyl group, an allyl group, benzyl group, phenyl group, hydroxyl 
group, or an hydroxyalkoxyl group; and X represents Cr, Br~, 1% and NOa'. 
[0017] These quaternary ammonium salts should form a micelle when the aqueous 
solution is adjusted to a pH of 10.5 or less. It is particularly easier to produce a 
rod-shaped mesoporous powder when R of the quaternary ammonium salt above is an 
alkyl group having more than 18 carbons. It is also easier to produce a rod-shaped 
mesoporous powder in the presence of 0.1 to 3 M solution of a salt (e.g., NaCl or the like) 
having a counter anion other than silicate anion, such as CI', Br', or I' when R of the 
quaternary ammonium salt is an alkyl group having 18 carbons or fewer. The method of 
producing a mesoporous powder characteristic to the present invention comprises the 
following steps: 
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[0018] Solubilization step 

A silicate salt and a cationic surfactant are mixed and heated to the room temperature or 
the temperature that the mixture is dissolved. If the pH during mixing is 11 or less or the 
ratio SiOi/NaiO is more than 2, an alkali agent is added until the pH becomes 11 or more 
and the SiOi/NaiO ratio less than 2. The period for solubilization is relatively short at a 
period required for heating untU the two components are solubilized. 
[0019] The molar ratio of the cationic surfactant to the silicate salt is preferably 0.02 to 1.0 
and particularly preferably 0.05 to 03. If the molar ratio of the cationic surfactant to the 
silicate salt is less than 0.02, the amount of the produced rod-shaped micelles of the 
cationic surfactant decreases, while if the molar ratio is over 1.0, unreacted cationic 
surfactant remains wastefully in a greater amount. 
[0020] Condensation step 

The solution prepared in the solubilization step above is adjusted to a pH of 10.5 or less by 
addition of an acid. As a result, the cationic surfactant or the spherical micelles thereof 
aggregate to form rod-shaped micelles. In addition, the silicate ions in the dissolved state 
at pH 11 or more ^gregates at a pH of 10.5 or less, depositing silicic acid on the external 
surface of the rod-shaped micelles of the cationic surfactant. 
[0021] Surfactant-removing step 

After the dispersion containing the condensed powder is filtered, the cationic surfactant 
contained in the powder is removed. The surfactant is removed, for example, by washing 
with water, baking, or the like. The cationic surfactant is removed in this removal 
processing, leaving a mesoporous powder. 
[0022] Examination of the ratio SiOz/YsO 

First, the ratio SiOi/YiO characteristic to the present invention is examined. A suitable 
amount of analytical grade sodium hydroxide (manufactured by Nakarai Tesque, Inc.) is 
dissolved in 1 L of ion-exchange water; 300 g of commercial silicon dioxide (#200, 
manufactured by Aerosil) is added thereto; and the mixture is stirred. The dispersion 
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was baked at 700®C for 5 hours, to give sodium silicate. Then, the inventors produced 
various sodium silicates at the ratios of SiOi/NaiO shown in Table 1 and tried to produce 
mesoporous powders by using them as the starting material. 
[0023] 
[Table 1] 



SiOi/NajO 0.5 1.0 1.5 2.0 

PH 12.05 11.95 11.65 11.35 

Dissolved state Complete Complete Complete Translucent 

solubilization solubilization solubilization 

Specific surface area 1066 1126 1142 1052 



[0024] X-ray diffraction measurement was also performed. The measurement was 
performed at a speed of two degrees (29) per minute by using JDX-350 manufactured by 
JEOL and a CuKa ray as the X-ray source. The slit width was 1 degree-0*2 mm-1 degree. 
The results showed that the sodium silicate was in the dissolved state, and the results by 
X-ray diffraction that the sodium silicate had a hexagonal structure. However, when 
sodium silicate was not completely €lissolved, the hexagonal structure was not formed 
occasionally, prohibiting production of the mesoporous powder having uniform 
micropores. 

[0025] As apparent from the Table above, the ratio Si02^a20 is preferably less than 2.0, 
and thus use, for example, of water glass or the like having a ratio of 2.0 or more does not 
allow production of a suitable mesoporous powder. A ratio Si02/Na20 up to 
approximately 1.9 was particularly favorable for forming the hexagonal structure 
consistently and producing uniform micropores. 
[0026] Silicate salt concentration 

In the present invention, it is favorable to adjust the concentration of silicate salt for 
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equalizing the mesoporous powder. A certain mole of sodium metasilicate and a certain 
mole of behenyltrimethylammonium chloride (BTC) were dissolved in 1 L of ion-exchange 
water. The temperature of the solution was kept at TO^'C; immediately after 
solubilization, an aqueous 2 N hydrochloric acid solution was added thereto at a speed of 
120 mlVmin; and the pH of the solution was adjusted to 8 to 9. Then, the solution was 
filtered and the filter cake was washed and baked at 700°C for 3 hours, to give a powder. 
[0027] 
[Table 2] 



Meta silicate concentration (M) 0.15 0.5 1.0 1.5 

BTC(M) 0.03 0.1 0.2 03 

Aspect Bulky Rod-shaped Rod-shaped Rod-shaped 

mesoporous mesoporous nonporous 

Fig. 2 Fig. 3 Fig. 4 Fig. 5 



[0028] As apparent from the results, the solution containing silicic acid at a concentration 
of 0.15 M gave a bulky mesoporous powder. The solution at 1.5 M tended to give a 
rod-shaped powder, which had almost no openings. Studies by the inventors confirmed 
that a solution at a silicate salt concentration of 0.1 to 0.5 M gave a bulky mesoporous 
powder and a solution at 03 to 1.2 M a rod-shaped mesoporous powder. Solutions 
having a silicate salt concentration in the range of 0.3 to 0.5 M gave a mixture of these 
forms, and the abundance ratio between them varied depending on other conditions 
described below. 

[0029] From the results above, the silicic acid concentration is preferably 0.1 to 1.2 M for 
production of a mesoporous powder in the present invention and 0.3 to 1.2 M for 
production of a rod-shaped mesoporous powder. 



10 



[0030] Addition rate of the acid for pH adjustment 

For production of mesoporous powders in the present invention, the addition rate of the 
acid added in the condensation step for pH adjustment is favorably controlled. In the 
similar way as above, 0.5 mole of sodium metasilicate and 0.1 mole of 
behenyltrimethylammonium chloride (BTC) were dissolved in 1 L of ion-exchange water 
(pH 11.5). The temperature of the solution was kept at 70°C; immediately after 
solubilization, an aqueous 2 N hydrochloric acid solution was added thereto; and the pH of 
the solution was adjusted to 9. The addition rate of 2 N-hydrochloric acid was changed 
during addition. Then, the solution was filtered and the filter cake was washed and 
baked at 700°C for 3 hours, to give a powder. 
[0031] 
[Table 3] 



Hydrochloric acid addition rate 2 mL/min 120 mL/min 

Period needed for pH change 150 min 2.5 min 



Aspect Bulky mesoporous Rod-shaped mesoporous 

Fig. 6 Fig. 3 



[0032] As apparent from the results, a bulky mesoporous power was obtained at an 2 
N-hydrochloric acid addition rate of 2 mL/min, while a rod-shaped mesoporous powder 
was obtained at 120 mL/min. Further detailed studies showed that in order to obtain a 
rod-shaped mesoporous powder particularly preferable in the present invention, the 
hydrochloric acid addition rate under the condition above was favorably 10 mL/min 
(period needed for pH change: 30 min or less). 
[0033] Concentration of the acid for pH adjustment 
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In the present invention, it is favorable to control the concentration of the acid for pH 
adjustment added in the condensation step in order to produce a powder, in particular a 
favorable rod-shaped powder. In the similar way as above, 0.5 mole of sodium 
metasilicate and 0.1 mole of behenyltrimethylammonium chloride (BTC) were dissolved in 
1 L of ion-exchange water (pHll.5). The temperature of the solution was kept at TO^'C; 
immediately after solubilization, an aqueous 2 N hydrochloric acid solution was added 
thereto at a speed of 120 mL/min; and the pH of the solution was adjusted to 9. Then, the 
solution was filtered and the filter cake was washed and baked at 700^C for 3 hours, to 
give a powder. 
[0034] 
[Table 4] 



Hydrochloric acid addition rate 0.2N 2N 5N 

Period needed for pH change 35 min 2.5 min 1 min 

Aspect Bulky Rod-shaped Rod-shaped 

Mesoporous mesoporous mesoporous 

Fig. 7 Fig. 3 Fig. 8 



[0035] As apparent from the results, a bulky mesoporous powder was obtained when 0.2 
N-hydrochloric acid was used, while a rod-shaped mesoporous powder when 2 N or higher 
hydrochloric acid was used. A pH adjustment period of 30 min or more also resulted in a 
bulky powder, while a period of 30 min or less more likely resulted in a rod-shaped powder. 
In particular, a rod-shaped mesoporous powder, when used as the perfume-holding 
powder according to the present invention, exerted an exceUent perfume-holding action; 
and for that reason, the rod-shaped mesoporous powder is preferable. 
[0036] Then, deodorant powders shown in the following Table 5 were prepared, and the 
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technical merits of the perfume-holding powders according to the present invention were 
examined. In either case, the perfume concentration was adjusted to be 1% in the 
composition. 
[Table 5] 

Test No. 1 Test No. 2 Test No. 3 Test No. 4 



Perfume 

Perfume-holding powder 
Perfume-holding silica gel 
Perfume-holding cyclodextrin 
Pure perfume 



5.0 



5.0 



5.0 



1.0 



Ordinary powder 



Aluminium chlorohydrate 


5.0 


5.0 


5.0 


5.0 


Zinc oxide 


5.0 


5.0 


5.0 


5.0 


Talc 


80.0 


80.0 


80.0 


84.0 


Oil 










Liquid paraffin 


5.0 


5.0 


5.0 


5.0 


Technical merits 










Scent of product (after 3 days) 


+ 


++ 


++ 


+++ 


Scent of product (after 1 month) 


+ 


+ 


++ 


+ 


Scent during use (after 1 month) 


+++ 


+ 


++ 


+ 
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[0037] In production of each test deodorant powder, respective powders were fed into and 
blended uniformly in a Henschel Mixer; then other components were added; and then the 
mixture was stirred uniformly. The resulting mixture was pulverized in an atomizer and' 
press-molded in a container, to give a deodorant powder. The powders thus obtained 
were stored at room temperature in openness. 

[0038] As apparent from the results above, the deodorant powders emplojing the 
perfume-holding powder according to the present invention do not emit the scent of 
product so intensely and preserve a faint scent condition, but emit a rather intense scent, 
replacing the sweat or sebum on the skin during use. In addition, the deodorant powder 
according to the present invention was effective in sebum absorption, favorably 
suppressing the greasy feeling after use. 

[0039] Next, the present inventors have examined the ratio of the mesoporous powder to 
the perfume and the technical merits thereof. 
[Table 6] 



Formulation No. 5 6 6 7 8 9 10 11 12 



Mesoporous powder 0.01 0.1 0.5 1.0 5.0 10.0 30.0 50.0 80.0 

Perfume 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 



Ordinary powder 

Aluminium chlorohydrate 5.0 5.0 

Zinc oxide 5.0 5.0 

Talc Balance Balance 



5.0 5.0 5.0 5.0 5.0 5.0 5.0 
5.0 5.0 5.0 5.0 5.0 5.0 5.0 

Balance Balance Balance Balance Balance Balance Balance 



Oil 

Liquid paraffin 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
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Scent 

Immediately after production++ +++++ + + + + + 

After 1 month + + + + + + + + + 

During use ++ ++ +++ +++ +++ +++ +++ ++ ++ 



[0040] As apparent from the Table 6 above, formulations containing 0.01 to 0.1 part by 
weight of mesoporous powder with respect to 1 part by weight of perfume, although they 
can be pulverized satisfactorily, often lead to more intense vaporization of the perfume 
during storage, resulting in slight decrease in the intensity of the scent during use, 
although the intensity was still in the practical range. In addition, when the mesoporous 
powder is contained in an amount of more than 30 parts by weight, the scent intensity 
seems to decline, probably because there are too many openings in the mesoporous 
powders. Therefore, the blending ratio of the perfume to the mesoporous powder is 
preferably approximately 1:0.5 to 1:30 by weight. The mesoporous powder according to 
the present invention is effective in preventing exfoliation of the powder due to its superior 
oil and water adsorption properties. 

[0041] In the present invention, for production of a perfume-holding powder, it is only 
necessary to blend a liquid or liquefied perfume with the mesoporous powder obtained in 
the manner described above. It is also favorable to hydrophobilize or hydrophilize the 
surface of the mesoporous powder according to the kinds of the materials used or the 
formulations wherein the perfume-holding powder is formulated, 
[0042] 

[EXAMPLE] Hereinafter, the present invention will be descried in detail with reference to 

EXAMPLES. 

EXAMPLE 1 
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Production of bulky mesoporous powder 

To a solution of 400 g of analytical grade sodium hydroxide (manufactured by Nakarai 
Tesque, Inc.) in 1 L of ion-exchange water, added was 300 g of commercial silicon dioxide 
(#200, manufactured by Aerosil), and the mixture was stirred. The dispersion was baked 
at 700^C for 5 hours, to give sodium silicate (NaSiOa). Then, 0.5 mol of sodium silicate 
and 0.1 mol of stearyltrimethylammonium chloride were added to 1 L of ion-exchange 
water and dissolved therein at SO°C. The pH of the solution was 11.8. The solution was 
further adjusted to pH 8.5 by gradual addition of 2 N-HCl. The solution was further 
filtered, and the filter cake was washed with water repeatedly for 5 times, then washed 
with acetone, and dried. The dried powder was baked at 700^C for 5 hours, to give a 
bulky mesoporous powder. 
[0043] EXAMPLE 2 

Production of bulky mesoporous powder 

0.5 mol of commercially available anhydrous sodium metasilicate (manufactured by 
Nakarai Tesque, Inc.) and 0.1 mol of stearyltrimethylammonium chloride were added to 1 
L of ion-exchange water and dissolved therein at 70^C. The pH of the solution was 11.75. 
The solution was further adjusted to pH 8.5 by gradual addition of 2 N-HCl. The 
solution was further filtered, and the filter cake was washed with water repeatedly 5 times, 
then washed with acetone and dried. The dried powder was baked at 700°C for 5 hours, 
to give a bulky mesoporous powder. Fig. 9 is a TEM photograph of the bulky 
mesoporous powder obtained in the manner described above. The Fig. shows openings 
stretching in parallel in the powder, and further observation in an analogous manner 
revealed that the opening depth in the present invention was 50 to 300 nm. 
[0044] EXAMPLE 3 

Production of bulky mesoporous powder 

To a solution of 30 g of anal3^ical grade sodium hydroxide (manufactured by Nakarai 
Tesque, Inc.) dissolved in 1 L of ion-exchange water, 30 g of commercial silicon dioxide 
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(#200, manufactured by Aerosil) was added, and the mixture was stirred. 0.1 mol of 
stearyltrimethylammonium chloride was added to and dissolved in the solution at 70^C. 
The pH of the solution was 11.5. The solution was further adjusted to pH 8.5 by gradual 
addition of 2 N-HCl. The solution was further filtered and the filter cake was washed 
with water repeatedly 5 times and then washed with acetone and dried. The dried 
powder was baked at 700**C for 5 hours, to give a bulky mesoporous powder. The X-ray 
diffraction pattern of the mesoporous powder thus obtained is shown in Fig. 10, the 
nitrogen adsorption isotherm in Fig. 11, and the distribution of opening diameters in Fig. 
12, respectively. 

[0045] The X-ray diffraction pattern shown in Fig. 10 shows four diffraction peaks 
indicating a hexagonal structure. In addition, the sharp rise at a relative vapor pressure 
(P/pO) of around 0.35 in the nitrogen adsorption isotherm shown in Fig. 11 indicates the 
uniformity of opening diameter and, more specifically, the opening diameter distribution 
shown in Fig. 12. 

[0046] Next, an X-ray diffraction pattern of a mesoporous powder prepared in an 
analogous manner except that the sodium hydroxide was replaced with an equimolar 
amount of potassium hydroxide is shown in Fig. 13. The Fig. reveals that any alkalis 
other than sodium hydroxide may be used for production of the mesoporous powder 
according to the present invention. 
[0047] EXAMPLE 4 

Production of bulky mesoporous powder 

0.5 mol of commercially available anhydrous sodium metasilicate (Nakarai Tesque, Inc.) 
and 0.1 mol of cetyltrimethylammonium chloride was added to and dissolved in 1 L of 
ion-exchange water at 70^C. The pH of the solution was 11.84, The solution was further 
adjusted to pH 8.5 by gradual addition of 2 N-HCl. The solution was additionally filtered 
and the filter cake was washed with water repeatedly 5 times and then washed with 
acetone and dried. The dried powder was baked at 700^C for 5 hours, to give a bulky 
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mesoporous powder. 
[0048] EXAMPLE 5 

Production of bulky mesoporous powder 

0.5 mol of commerciaUy available anhydrous sodium metasilicate (Nakarai Tesque, Inc.) 
and 0.5 mol of lauryltrimethylammonium chloride were added to and dissolve in 1 L of 
ion-exchange water at 70®C. The pH of the solution was 11.92. The solution was further 
adjusted to pH 8.5 by gradual addition of 2 N-HCL The solution was additionally Altered 
and the filter cake was washed with water repeatedly 5 times and then washed with 
acetone and dried. The dried powder was baked at 700^C for 5 hours, to give a bulky 
mesoporous powder. 
[0049] EXAMPLE 6 

Production of bulky mesoporous powder 

0.5 mol of commerciaUy available sodium orthosilicate (Nakarai Tesque, Inc.), 0.1 mol of 
stearyl trimethylanmionium chloride, and 0.1 mol of phenyltrimethylammonium chloride 
were added to and dissolved in 1 L of ion-exchange water at 70^C. The pH of the solution 
was 12.05. The solution was further adjusted to pH 8.5 by gradual addition of 2 N-HCl. 
The solution was further filtered and the filter cake was washed with water repeatedly 5 
times and then washed with acetone and dried. The dried powder was baked at 700°C 
for 5 hours, to give a bulky mesoporous powder. 
[0050] EXAMPLE 7 

Production of bulky mesoporous powder 

0.5 mol of stearyl trimethylammonium chloride was added to and dissolved in a liquid 
mixture of 500 g of commercially available water glass (Si02/Na20: 2.0) and 500 g of 
ion-exchange water at 70®C. The pH of the solution was 11.68. The solution was further 
adjusted to pH 8.5 by gradual addition of 2 N-HCl. The solution was additionally filtered 
and the filter cake was washed with water repeatedly 5 times and then washed with 
acetone and dried. The dried powder was baked at 700^C for 5 hours, to give a bulky 
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mesoporous powder. 
[0051] EXAMPLE 8 

Production of bulky mesoporous powder 

30 g of SiOi and 0.1 mol of stearyltrimethylammonium chloride were dispersed in 1 L of 
ion-exchange water and then dissolved by addition of 2 g of NaOH, and the mixture was 
stirred at VO^'C for 3 hours. The pH of the solution was 11.23. The solution was further 
adjusted to pH 8.5 by gradual addition of 2 N-HCL The solution was additionally filtered 
and the filter cake was washed with water repeatedly 5 times and then washed with 
acetone and dried. The dried powder was baked at 700°C for 5 hours, to give a bulky 
mesoporous powder. 

[0052] Physical properties of the mesoporous powder prepared in each EXAMPLE above 
are summarized in the foUowing Table 7. 
[Table 7] 



dioo(A) a.o(A) S.S.A (mVg) Total Pore Volume (cc) 



EXAMPLE 1 


36.78 


42.47 


1125 


2.06 


EXAMPLE 2 


38.38 


44.32 


1074 


1.73 


EXAMPLES 


35.31 


40.77 


1210 


1.84 


EXAMPLE 4 


34.62 


39.98 


1165 


1.01 


EXAMPLES 


33J1 


38.46 


637 


0.51 


EXAMPLE 6 


36.78 


42.47 


1077 


2.32 


EXAMPLE? 


37.56 


4337 


1220 


1.22 


EXAMPLES 


36.03 


41.61 


1242 


1.01 



[0053] EXAMPLE 9 
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Preparation of rod-shaped mesoporous powder 

0.5 mol of sodium metasilicate (NaaSiOa) and 0.1 mol of behenyltrimethylammonium 
chloride (BTC) were dissolved in 1 L of ion-exchange water. The temperature of the 
solution was kept at 70°C, and immediately after solubilization, the solution was adjusted 
to pH 8 to 9 by addition of 2 N hydrochloric acid at a flow rate of 120 mlVmin. Then, the 
solution was Altered, and the Alter cake was washed with water and baked at 700^C for 3 
hours. The X-ray diffraction pattern of the rod-shaped mesoporous powder thus 
obtained is shown in Fig. 14, the nitrogen adsorption isotherm in Fig. 15, and the 
distribution of opening diameters in Fig. 16, respectively. 

[0054] The results of X-ray diffraction in Fig. 14 show four diffraction peaks indicating a 
hexagonal structure. In addition, the steep rise at a relative vapor pressure (P/pO) of 
around 0.45 in the nitrogen adsorption isotherm shown in Fig. 15 indicates the uniformity 
of opening diameter, more specifically, the opening diameter distribution shown in Fig. 16. 
Properties of the bulky and rod-shaped mesoporous powders produced in similar method 
are compared as foUows: 
[0055] 
[Table 8] 



Bulky mesoporous powder 


Rod-shaped mesoporous powder 


NazSiO, 


0.5 mol/l 


0.5 mol/l 


Specific surface area 


1,100 m^/g 


900 mVg 


Oil adsorption amount 


300 mL/100 g 


500 mL/100 g 


Micropore diameter 


30A 


35A 



As apparent from the Table 8 above, the rod-shaped mesoporous powder has a specific 
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surface smaller than that of the bulky mesoporous powder, but has a larger oil adsorption 
capacity and thus an excellent oil adsorption property. 
[0056] EXAMPLE 10 

Preparation of rod-shaped mesoporous powder 

0.5 to IJZ mol of sodium metasilicate (NaiSiOa) and 0.05 to 0.24 mol of 
behenyltrimethylammonium chloride (BTC) were dissolved in 1 L of ion-exchange water. 
The temperature of the solution was kept at 70®C, and immediately after solubilization, 
the solution was adjusted to pH 8 to 9 by addition of 2 N hydrochloric acid. Then, the 
solution was filtered, and the filter cake was washed with water and baked at 700^C for 3 
hours, to give a rod-shaped mesoporous powder. The ratio Na2Si03/BTC was 1/0.1 or 
1/0.2. In this range, it was possible to prepare a rod-shaped mesoporous powder in either 
case. 

[0057] EXAMPLE 11 

Preparation of rod-shaped mesoporous powder 
0.5 to 1.2 mol of sodium metasilicate (NazSiOs), 0.05 to 0.24 mol of 
stearyltrimethylammonium chloride (STC), and 0.5 to 2 mol of sodium chloride (NaCl) 
were dissolved in 1 L of ion-exchange water. A rod-shaped mesoporous powder was 
prepared hereinafter in a similar manner to EXAMPLE 10. The ratio 
NaiSiOa/STCTNaCl was 1/0.1/1 to 4 or 1/0.2/1 to 2. In this range, it was possible to 
prepare a rod-shaped mesoporous powder in either case. 
[0058] EXAMPLE 12 

Preparation of rod-shaped mesoporous powder 
0.5 to 1.2 mol of sodium metasilicate (NaiSiOs), 0.05 to 0.24 mol of 
stearyltrimethylammonium chloride (STC), and 0.5 to 2 mol of sodium bromide (NaBr) 
were dissolved in 1 L of ion-exchange water. A rod-shaped mesoporous powder was 
prepared hereinafter in a similar manner to EXAMPLE 10. The ratio of 
NazSiOa/STC/NaBr was 1/0.1/1 to 4 or 1/0.2/1 to 2. In this range, it was possible to 
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prepare a rod-shaped mesoporous powder in either case. 
[0059] EXAMPLE 13 

Preparation of rod-shaped mesoporous powder 

0.5 to 12 mol of sodium orthosilicate (Na4Si04) and 0.05 to 0.24 mol of 
behenyltrimethylammonium chloride (BTC) were dissolved in 1 L of ion-exchange water. 
A rod-shaped mesoporous powder was prepared hereinafter in a similar manner to 
EXAMPLE 10. The ratio of Na4Si04/BTC was 1/0.1 to 1/0.2. In this range, it was 
possible to prepare a rod-shaped mesoporous powder in either case. 
[0060] EXAMPLE 14 

Preparation of rod-shaped mesoporous powder 
0.5 to 1.2 mol of sodium metasilicate (Na2Si03), 0.05 to 0.24 mol of 
behenyltrimethylammonium chloride (BTC), and 0 to 0.5 mol of silicon dioxide (Si02) 
were dissolved in 1 L of ion-exchange water. A rod-shaped mesoporous powder was 
prepared hereinafter in a similar manner to EXAMPLE 10. The amount of Na2Si03 and 
SiOi was less than 1.3 moL In this range, it was possible to prepare a rod-shaped 
mesoporous powder in either case. 
[0061] EXAMPLE 15 

Preparation of rod-shaped mesoporous powder 
0.5 to 1.2 mol of sodium metasilicate G^aaSiOa), 0.05 to 0.24 mol of 
stearyltrimethylammonium bromide (STB), and 0.2 to 2 mol of sodium bromide (NaBr) 
were dissolved in 1 L of ion-exchange water. A rod-shaped mesoporous powder was 
prepared hereinafter in a similar manner to EXAMPLE 10. The ratio of 
NazSiOa/STB/NaBr was 1/0.1/1 to 4 or 1/0.2/1 to 2. In this range, it was possible to 
prepare a rod-shaped mesoporous powder in either case. 

[0062] The rod-shaped mesoporous powders produced according to the invention are 
extremely higher in oU adsorption efficiency as described above, and thus, when used as 
blended in external preparations for the skin such as cosmetics, improves the adhesiveness 
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to the skin by adsorbing the sebum adequately. The blending ratio of a perfume-holding 
powder to an external preparation for the skin when they are blended may optionally vary 
according to the form of the cosmetic, but is generally 0.1 to 80 wt %. The blending ratio 
thereof in emulsified or dispersed products is generally 0.1 to 10 wt %, while that in 
powdery or pressed powder products is generally 0.1 to 70 wt %. 

[0063] In addition to the perfume-holding powder, other components commonly used in 
external preparations may be blended in the range in quality and quantity that does not 
impair the advantageous effects of the present invention. Examples of the additives 
include moisturizing agents, waxes, pigments, oils, surfactants, antiseptic materials, 
antioxidants, chelating agents, alkalis, water-soluble polymers, oil-soluble pol3rmers, clay 
minerals, and the like. Hereinafter, typical cosmetic formulations containing the 
perfume-holding powder will be described as examples of the present invention. 
[0064] 

Formulation No. 1 Lipstick 

Polyethylene wax 3% 

Ceresin wax 10 

Carnauba wax 2 

Candelilla wax 5 

Liquid paraffin 30 

Castor oil 15 

Di-2-heptylundecanoic acid glycerin 20 

OUve oil 11 

Red iron oxide 0.2 

Red 202 1.8 

Perfume-holding powder 2 
<Production method> The oils and waxes were dissolved by heating at 85 to 90**C, and 
after addition of the pigments, the mixture was dispersed. The liquid was immediately 



23 



deaerated under reduced pressure, transferred into a predetermined container, and cooled, 

to give a lipstick. The lipstick was hardly removed after application. 

[0065] 

Formulation No. 2 Pressed eye shadow 



Talc 


26 


Mica 


35 


Titanium-coated mica 


20 


Liquid paraffin 


2.8 


DimethylpolysOoxane (6cs) 


2 


Perfume-holding powder 


5 


Sorbitan monooleate 


1 


Ultramarine 


8 


Red 201 


0.2 



<Production method> The powders above except titanium-coated mica were blended in a 
Henschel Mixer, and then, the oils and the surfactant were added thereto, and the mixture 
was pulverized in a pulverizer. Further, titanium-coated mica was added thereto, and the 
mixture was blended uniformly in the Henschel Mixer. The mixture was press molded in 
a predetermined sallow dish, to give an eye shadow. 
[0066] 

Formulation No. 3 Baby powder 



Perfume-holding powder 40 

Talc 58.7 

Citric acid 0.2 

Bengala 0.01 

Liquid paraffin 1 
Perfume 0.09 



<Production method> A solution of citric acid in 99% alcohol was added to talc, and the 
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mixture was blended in a Henschel Mixer and then heated at 80°C for removal of alcohol. 
Other ingredients were added thereto, and the mixtwe was pulverized in an atomizer. 
The resulting powder was transferred into a predetermined container, to give a baby 
powder. 
[0067] 

Formulation No. 4 Emulsified foundation 

Stearic acid 0*7 

Isopropyl myristate 4 

Squalane 22 

Polyoxyethylene (10 mole) stearyl ether 2 

Cetyl alcohol 0.3 

Talc 7 

Perfume-holding powder 3 

Iron oxide pigment 2.5 

Red 202 0.5 

Antiseptic 0.09 

IViethanolamine 0.42 

Propylene glycol 5 

Purified water 52.19 

Perfume 0.3 
<Production method> The oils and the surfactants were dissolved by heating, the pigments 
were added thereto, and the mixture was dispersed uniformly. IViethanolamine and 
propylene glycol dissolved and heated in purified water were added thereto, and the 
mixture was emulsified. The emulsion was cooled while stirred, added uniformly with 
the perfume, and filled into a container, to give an emulsified foundation. 
[0068] 

Formulation No. 5 Rouge 
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Talc 30 

Mica 35 

Titanium oxide 3 

Titanium-coated mica 5.5 

Red 202 0.5 

Perfume-holding powder 3 

Sorbitan diisostearate 1 

Squalane 7 

Methylphenylpolysiloxane 15 
<Production method> The pigments were blended and added with other ingredients that 
were previously heated and dissolved, and the resulting mixture was blended and 
pulverized. The powder was molded in a shallow dish, to give a pressed rouge. 
[0069] 

Formulation No. 6 Liquid eye liner 

Isoparaffin 58.97 

Hydrocarbon resin 5 

Carnauba wax 1 

Candelilla wax 5 

Cholesterol 2 

Ethyl alcohol 5 

Purified water 8 

Organic-modiHed montmorillonite 3 

Iron oxide black 10 

Perfume-holding powder 1 

Sorbitan monostearate 1 

Perfume 0.03 
<Production method> The activators, water, organic-modified montmorillonite and 
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pigment were added to part of isoparaffin, and the mixture was stirred and dispersed 
uniformly and heated to SS^'C. The other isoparafCIn, resins^ and waxes were placed in a 
tank and dissolved uniformly by heating at 90^C. The dispersion previously prepared 
was added thereto, and the mixture was stirred and dispersed at 85®C to 90^C, added with 
the perfume, and cooled gradually to 30^C. The mixture was filled into a predetermined 
container, to give a water-resistant eyeliner. 
[0070] 

Formulation No. 7 Two-way foundation 

Silicone-treated titanium oxide 20 

Silicone-treated mica 22 

Silicone-treated iron oxide 3 

Perfume-holding powder 5 

Liquid paraffin 4.5 

Methylpolysiloxane (lOOcs) 25 

Methyl hydrogen polysiloxane (20cs) 20 

Sorbitan sesquioleate 0.5 
<Production method> The pigments were uniformly blended and added with the oils and 
activators, and the resulting mixture was blended further. The mixture was pulverized in 
an atomizer and press molded in a predetermined shaUow dish. As described above, the 
external preparations for the skin containing a perfiune-holding powder are superior in 
perfume-holding properties and firmly attached to the skin, and thus provide a favorable 
feeling when used. 
[0071] 

[Advantageous EfFect of the Invention] As described above, the perfume-holding powder 
according to the present invention and the composition including the same can hold a 
perfume consistently for an extended period of time and emit the perfume at a constant 
velocity, as the perfume is contained in the mesoporous powder containing silicon oxide as 
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the primary component and having uniform minute micropores. 
[Brief Description of the Drawings] 

[Fig. 1] A graph showing the perfume-holding action of a perfume-holding powder 
according to the present invention. 

[Fig. 2] A photograph showing the relationship between silicate salt concentration (0.15 M) 
and crystalline state. 

[Fig. 3] A photograph showing the relationship between silicate salt concentration (0.5 M) 
and crystalline state. 

[Fig. 4] A photograph showing the relationship between silicate salt concentration (1.0 M) 
and crystalline state. 

[Fig. 5] A photograph showing the relationship between silicate salt concentration (1.5 M) 
and crystalline state. 

[Fig. 6] A photograph showing the relationship between addition rate of an acid for pH 
adjustment (2 mlVmin) and crystalline state. 

[Fig. 7] A photograph showing the relationship between concentration of an acid for pH 
adjustment (0.2 N) and crystalline state. 

[Fig. 8] A photograph showing the relationship between concentration of an acid for pH 
adjustment (5.0 N) and crystalline state. 

[Fig. 9] A TEM photograph showing the structure of a bulky mesoporous powder obtained 
in the present invention. 

[Fig. 10] An X-ray diffraction pattern of a bulky mesoporous powder obtained in the 
present invention. 

[Fig. 11] The nitrogen-adsorption isotherm of the mesoporous powder shown in Fig. 10. 
[Fig. 12] A drawing showing the opening diameter distribution of the mesoporous powder 
shown in Fig. 10. 

[Fig. 13] An X-ray diffraction chart of a bulky mesoporous powder obtained in the present 
invention. 
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[Fig. 14] An X-ray diffraction chart of a rod-shaped mesoporous powder obtained in the 
present invention. 

[Fig. 15] The nitrogen-adsorption isotherm of the mesoporous powder shown in Fig. 14. 
[Fig. 16] A chart showing the opening diameter distribution of the mesoporous powder 
shown in Fig. 14. 
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[0 0 181 ^mxm 

^^t^ 1 lUTOli^. ^OUS i 02/N a20>2<7Dli^ 

ic(i. TJi'^om^^taL^ pHi iJU±. A>:3S i o 

[0 0 191 74*$. SKffi(C«-f-5*5^:t>1Sl^ffi5§tt 
9l<0SJ^ttt;UJ±T»* U<I40. 02~1. 0. !^IC 
»*U<li0. 0 5~0. 3-CS>«, SKSIC«L.*5^ 
;j->tll?S;SttaiJ«<t;i'JtTO. 0 2*3S<Dii^lcii, 

<;a:y. Sfct;Ht««1. 0*a;^-5li-&lcii5feSf5:^ 



[0020] f&^im 

H$1 0. 5tlT(cr-5. CCD^m. *^*>1tl?S;S 

■r-5. Sfc. pHi 1 ]u±-riiS»ttSiicfe^>t3SK-< 

7t>tfipH} 0. 5IUT<!:-r-5C;<!:TtS^U 

* >tt^®ait»J«)#« s -fe juo^^s »c^K*iE§ $ n 
[0 0 2 1 1 ^^xm 

[0 0 2 21 S i 0?/"Y?0(DaW 

(^^^-fT-^^f 1±8f) afi*-f*>3S«*i I ics» 

mSSn°DOD-SI<b'>--<'^ (Aerosil*tia#2 0 0) 3 

oog*3!in;SL. mwr^. coxitis* 7 o oicicxs 

Stolid 1 lC^-riP*S-as i O2/N a20©^K:^- 
[0 0 2 3] 

[^11 



Si02/Na20 0. 5 1. 0 1. 5 2. 0 

pH 12.05 11.95 11.65 11.35 

JtSMH 1066 1126 1142 1052 



[0 0 2 41 Xi^|51t(f©a5St)#-a-?T-3>S:. Z<D 

m^lZlt. H*®^13J DX- 3 5 O^ffllV CuKa 
®*Xgiifi<!:UT2a (.2 6) /^J-Tfrofc. ;^'J-;/h 
itSli, 1g-0. 2inni- 1 COHS^lK^J: 

sKTj-h'j-SAdtsPttffiicfeSi, xmmviom 

[0 0 2 51 ±iEaJ:UM&*>*«fc5Jc:. S i 02/N 
a20li2. 0*g|*«»SL<. CCD-^.TCT^tf*^^ 
;^ft«!:2. 0JU±<^)t)a)4-£■©*^ffl^.^/t©■ClijS]E^ 



S^jf-^/HtT^iai. S i 02/N a20««1 . QSffi 

[0 0 2 61 ^mmstm 

*%wlcfcl^T>v/t^-7:^^»(**l^a<k■^■•5>t^^>. a 

4'SK:*-h'J'>AmS^-»l'<!:. '<'\:^;UhU>5=-;UT> 
^-■>Ai7Q7-f K (BTC) 3fS^;U«:1 l(D>f^> 
35^7KlcSP*1±/5:. C<^)t#«)iagli7 O-CtU. iS 
Mil^IC2 N(D^^7KS>S$ 1 2 Onil/inin(Dj$S-r«a 

pH*8~9lcafiUfc. C<D^, *ffl-*3fe*i7 
IN, 7 0 OlClCT3KrajRj«UT»3R*#«:. 

[0 0 2 71 

[^2] 



>^sKaa (M) 0. 1 5 0. 5 1. 0 1. 5 

BTC (M) 0.0 3 0.1 0.2 0.3 



(5) 



1#B§¥ 1 1 -1 0 6 3 2 4 



B2 S3 04 @5 



[0 0 2 81 m&mi:vmp>t>t3:J:o\z. mms&tfi 

1. 5 MT(i1?tt-rii35-5t)<0O^P*<l5<!:A/<!:»<ft 

0. 1~0. 5MT»tt©>V*-^;!^«K*<!:«:y*-r 
<. 0. 3~1. 2M-C^tt;<V7ti-^Xl»ft<t 

^U^-ri^c:<t*««tS$nfc. 0. 3~o. 5M 
(C J; U -ecD?¥SJtX><^S) 

[0 0 2 9] JU±cDi^sj:y. *%Rqcfct\r>vJt«- 

5;^»{*«JBfi£r-5(C(i. SffiSSliO. 1~1. 2M 
Sfci&CttO. 3~1. 2MT»«Ci:<<»®T»'5. 



[0 0 3 0] pH^Mffl^^aOi^S 
^-■^Ai'n^-YK (BTC) 0. 1 t;U«:1 l©'<:t 

^X^TklcSJSSitfc (pHi 1.5). cWihSroia 

7 0 ic <t 5S»ii»ic 2 N (omm^fsmzx p h 

it^^ft. doa^. 5ia • *3t€rfitV 7 0 0'CICT3 

[00 3 1] 
[£3] 





2nil/niiin 


1 2 Oml/min 




1 5 0» 


2. 55J^ 










B6 


03 



[0 0 3 2] |^^^J:y Wt>*^;a.i:pl-, 2N-^g|^ 
*DiSfi*«2inl/ininTI4«tt>V7l«-5^i. 1 2 Oinl/ni 

in-C(i»«p'V7K-^;^S»{*<!:;S:*. $ e> lcl¥Jffl;S:«^H 

in (pHBffflKH3 0»JUT) VS>^:itifitimt;& 
•5. 

[0 0 3 3] pHglBffl^SS 



— OlxCU'^'Or- (BTC) 0. 1 1 l<D-f 

3S»*ICjS(SS-e:fc (PHI 1. 5) . COtSOSS 
(izo'C^U. fS«¥ie^lc$liiSS09%!£;KjS$S« 1 2 
0nil/minlCTpH«-9ICiaSUXt. CCO^. g9iElHl«l5 
ja-7K3t*fitV 7 0 0t;iCT3KJH«SfiEUT»*«:ii 

[0 0 3 4] 
[£4] 



ifiBjSttlSfi 0. 2N 


2 N 


5 N 


p Hffifl:icS-r-5^K 3 55^ 


2. 5» 


1 » 








07 


03 


08 



[0 0 3 5] i?iiesj:ywe>*>;a<fcpic. o. 2n-s 

«tt<t«:y, 3 0»JUTT(4»tt<t«:-5<iia)*«»-5. -e 



[0 0 3 6] acCC, TieS5©J:5;S:7^:t K^VhA-^ 
SEUXt. l^m<0li^(c«SlNiRSIl{ifi£«)>t>1 %<!:^ 
[^5] 



Bei0ll1 »S^0II2 »«0ll3 Sfil044 



(6) 



4#ia¥ 1 1 -1 0 6 3 2 4 



mn^mm» 5. 0 

mm%t^'>*j^<fji' 5. 0 

smjt>4^a7'+xhu> 5. 0 

mnmi^ i. o 



7KiWJDD/Vf>' l^-b 5.0 5. 0 5.0 5.0 

MitSSd 5.0 5.0 5.0 5.0 

^;U^ 80. 0 80. 0 80. 0 84. 0 



3ili*A77-f> 5.0 5.0 5.0 5.0 



lSfi&<D§y (3H^) + 

tss(DSy (1 a^ife) + 

ffiffll^©»U (1 <rfla) + + + 



[0 0 3 7] ;a:fe. S-Hg^«l(DSJg(c*3txTli. t»*« 
[00 3 81 fel±©femJ:ywe.*»;5:J;p{c, *%Wlc 

iiia©#yii^na<!f^<;s:<ats«fii€«}$-r 



+ + 


+ + 


+ + + 


+ 


+ + 


+ 


+ 


+ + 


+ 



[0 0 3 91 i>:fC*«M#Sltt. ./VtH-^;^©^*.*:* 
[S61 



5 6 6 7 8 9101112 



y-\/^-'y^1Sii*- a 01 0.1 0.5 1. 0 5.0 10.0 3a 0 50.0 80.0 
S» 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 



7*SiW>nP/vfK U-h 5.0 5.0 5.0 5.0 5. 0 5. 0 5.0 5.0 5.0 
mi\:M.SQ 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

m.& m& m& m& m& m& m& m& «sp 



saa/x^^-o 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 



ffijge^ +++++++ + + + + + 

1 <r^S + + ++ + + + + + 

ffifflK^ ++ ft +++ +++ +++ +++ +++ +♦ ++ 



[0 0 4 0] ±i5a6ckywe)*^J5:J:5lC. #?4 1 SS 
g»«c«L/T>v;t^-^xSJ<*XrfO. oi~o. ^mmm 



3 oaa»«iis^fcii^^>v7it-^>^i»»<oMas*« 



(7) 



1 1 -1 0 6 3 2 4 



JtTl : 0. 5~1 : 3 Oga*<»*LO. ^fc, 
[004 1 1 *»W(cteiNT, smitfi^ft^SiSfS 

[0 0 4 2] 

[HJgff?] JUT. *»W(DJ:y^»M;a:llffiffillC-Pt>T 

oogS-f^yS^^TKi I icjgjsu mifip°p(D-K<b'>- 
'ri!l(Aerosilti:tB#2 0 0) 3 0 0 g ^tt^TtK^-T 

:i(o6iWLmi 7 0 o-cicT 5 mrs^&i^Tmm± b 
y-^A (Nas i 03) ma^K^hyjA 

0. 5molt>?.T-7y^l'hyy^-»UT>t=.'>Ai7n^ 
'fHO. 1 raol*'f:*->S:»7k1 llcaSJlPL. 5 01C(CT 
mmUft. CKDiffOp HIil 1. 8T«)0^. 5 6 
(C. 2N-HCI«ife^U. pH*8. SCPSUyj:. 
■tOMk. aiS. 7ka*5B»yigL. 7-feh>3fe»UT 

[0 0 4 31 ^i6g!l2 v;t^-^;;^e}^(0iiii§ 

m850»7k>^SK:^-hy^»A (:>-^^'f5^:;^i') 0. 
5iiiolt^T-7y-'Uhy>5^-/U7'>t-':»Ai'a^'f H 
0. 1 mol«-<^>5S»7K1 llC^linU. 7 O-CfCTSfiS 
Lfc. CO<t#<DpHI41 1. 7 5T*t>fc. S&C. 
2N{0HCI«^^L. pH*8. 5IClSSL/fc. ^© 

y. @tKlCUTSSU/^<!:C5. :^¥tmz1S\,\Xlimn 
SasffiS 0~3 0 OnmTfeofc. 
[0 0 4 41 UliSCTS %«>v;l^-7;^g>i»<Dgig 
HS*#«R©7kKfl::^hyf>A (:^*5'f7';^4»tt») 3 
0 g$-f;l->35^7K 1 I ICiSifU, rRBSSWIUK'ft'^-f 
% (Aerosi litettf 2 0 0) 3 0 g tttft-^. 

cosfifjSci^^T'T y ;u h y f^^uzvt-"? a^^ a 5 

-fKO. Imol^^JMlL/. 7 0'CTSjSfLfc. c:(D<t# 
©pHlil 1 . 5T*t)fc. $e.(C, 2N-HC I 

5 0«iyjiu 7-bh>st»bTfeiaufc. c:©^fii» 



3|5€:7 0 Ot:iCT5eFajRfi£UT«tt;«V;H-7;^a» 
CC-CS&tlfc>V;t«-5^l»<*OX«l|Hl«TH 

1 0 (c. 1 1 ic. 

01 21c, -tti-eti^f. 

[00451 01 oj:y. ^vi^mit^^v-zs-f-jmm. 
«i§*^p-r4*©0»itr-^'$5^uTi>-5. 01 

1 (c^-rs^ias^ia^©. (p/p o) = 
0. 3 5«ia<Dm««:3it±*tyii^ps<oJ^-tt€^ 
uT^y. j:y^{t:Mic»ai 2 i=^-rrans^^(7>ii 
y-c»*. 

[004 61 diiz. gijia*s^b± h y A*iit;i/Tzk 
Kfl:*y'5Alcg*«^LfcJa#^. pifRic«jgufc>v7t« 

K-fb:*- h y AJU^CDT^U* y oT'fo:*:%W©pt V 

[0 0 4 7] si«5gi4 m^3t\ji}^-^y(.m»(omii& 

mafi<D»7kp'iJ'Sgl:^hy'?A (:h:^^-f5^^4') 0. 
Smolt. -fc^-^Uhy^f^^UT^t— C?A^a7-f H 
0. 1mol*-f*>3^»*1 ICSSJDU 7 CCCTSSP 
Ufc. COt^Op H(i1 1. 8 4T&t)fc. ^E6.(C. 

2 NOHC I pH$8. 5ICSSU/t. ^© 
Si. Sia. 3jt3t*5!3|«|yi8U. T-t h>3fe*L,Tl£lg 
UXi. 7 0 O-ClCTSePd^fiELTWtt 

[0 0 4 81 HiSgys iat^>V7t^-^;;^i»<»g)gii 

rPHROSIZk^^SK^hyf A (^A^-fT'Xi^) 0. 
5mol<t^'>y;Uhy>?^;U7>t-':7Ai>P^-f H 
0. 5inol*'f:t>5Sjfe*1 HC^llPU 7 0'C(CTjg» 
Ufc. COtSOpHlil 1. 9 2Tfc-D/t. $6»IC. 
2 N(DHC I pH$8. SIC^MUfc, -?-<D 

U/t. ;iO^Jg»5l5*7 0 0*C(CT5^HjfefiEUT«« 

[0 0 4 9] Hffiffije %=t^ptV7|f-^XB}ftOiij3g 

mi5©:t;uhss^hy':'A c:^-*^'*'^^^^) o. 5 

iiioli^T-7y;Uhy;<?-;U7>^— ^>A>>P^-f K 
0. 1 niolSt^7j:::.;Uhyp<5=^;i'7>^— 'JA^'P^ 
-fKO. 1 niol*-f:t>3S^*1 llC^SnU, 701CICT 
SfSU;t. CCOtSWp HIil 2. 0 5T»-3>i:. 5 €> 
2N(DHCI$^£U. pH$8. 5I=S9SIL/^. 

^E-ro^. • 7k3t*5@tgyjiL. 7±h>m^ux 

^JgL/t. C:(D^Jg»5S*7 0 O-ClCTSKSHjgifiSUT 

[0 0 5 01 m^mr ^^^yif^-^:Kisi»omm. 

fPIiOzk^^X (S i 02/N a20=2. 0) 5 0 0 g 
<!:-f:t>2C»7K5 0 0 g©il^>S(c^x7-y;U h y 
JU7>t— ^?Ai^a^-f KO. 5niol**lniU7 CCIC 
xiSmvfto COt^rOpHlil 1. 6 8-Cfeofc. S 
6>|C. 2N(0HC I pH«8. 5ICSSU 

fc. aia-7k3fe*5Ei«8yjsu r-feh>3t» 



(8) 



1#ga¥ 1 1 -1 0 6 3 2 4 



[0 0 5 1] mmms V7H-^:^»ft(osi§ 

S iO23 0 gi:. X5^7U;i'hU>^-»l'7>^:-^»A 
i^D^-fHO. 1inol*-f^>3S«7k1 llC«-«fjS» 
2 g©N aOH^^UnUTSflS^tt. TO-CICTS 

Ksrajs»ufc. co<t*©pHiii 1. 2 3-e*o/t. 



CO 0 5 2] aji©a-sia§OTicj:ysaisti/t>v7i?- 



droo (A) ao (A) S. S. A (loZ/g) TotalPoreVolune (cc) 





36.78 


42. 47 


1125 


2. 06 


Ilfii0«2 


38.38 


44 32 


1074 


1.73 




35. 31 


40. 77 


1210 


1.84 




34. 62 


39. 98 


1165 


1.01 


nmms 


33.31 


38. 46 


637 


0. 51 


nmme 


36. 78 


42.47 


1077 


2. 32 




37. 56 


43. 37 


1220 


1. 22 




36. 03 


41.61 


1242 


1.01 



[0 0 5 31 Hffigjg #«ptv;t^-^:;^S»f»(Ogii§ 
>^SK:^h'J'JA (Na2Si03) 0. 5raol<t. 
/\-;Uh'Jji5=-->U7>^-'?A4'P5-f K (BTC) 
0. Imol^l l(0'f5i->35^7k(CiSfi?51i-/t. ZOt^ 
wafi(i7 CCtL. •;§)»it^lc2 N-ig^^ 1 2 Oral 
/ininOSSUS-e^iHlLv p HS8~9 iciSfiL/t. CO 
-SiS. *3fe«f7CV 7 0 0"CCT3RJia«Sfi6UT» 

B)ifT@€@i 4IC. mmi&mm&tSii^^ sic. isds 



[00541 @l 4J:y. I51tfr^Sli^+-b-=f:»-;i'«Ji 
^gsf 4*©lilDTt:-^>**UTt^•5. 01 5* 

rs^iRa^iafi!©. (p/po) =o. a 

[0 0 5 5] 
[^8] 



Na2Si03 0. Smol/I 0. 5inol/l 

Jt^®« 1100ni2/g 9 0 0m2/g 

>»iAS 3OOnil/100g SOOml/IOOg 

tOTLS 3 0 A 3 5 A 



[0 0 5 61 ^ffigjio 

y^aS:*-h'J'>A (N a2S i 03) 0. 5~1. 2no 
I, '>C'\-;UhiJpi5^;U7>^-'5A<>P7'f K (BT 
C) 0. 0 5-0. 2 41110IS 1 l<D-<:t>55«*lCSJB 
cw«!:#OiaS(i7 O-CtU 5SKlt^lC2N 

-ieKicrpH$8~9icgisu;t. cw^. as. * 

;3t«frlV 7 0 0*ClCT3SJPBljSSfiEUT»«^V7t^-5 
;^6J<**m>t. ^fc. N a2S i 03/BTC= 1 /O. 



[0 0 5 7] HtSgill 1 ^«;'tv;|^-^;^g»{»(^Si§ 
>^SS:*-hU'5A (Na2Si03) 0. 5~1. 2iiio 
1, Xx7'J;Uh'J>5^;i'7'>t— ■jAi'P^'f K (S 
TO 0. 0 5~0. 2 4m\&Z^^it-f-i''J'tfA (N 
aCI) 0. 5~2mol« 1 l©-f7|->3^»*lCjSJ(?$-t+ 
tm. SiliSHJSWl Ot^^lCLTfttt^V/t?-^ 
^fc. N a2S i O3/STC/N aC I 
= 1/0. 1 /I ~4ftlAU 1 /O. 2/1~2<tU 

sffl-r^ct^t-c^fc, 

[0 0 5 8] mtSCTI 2 <$«>V/t^-7;^6^ttg)iai§ 
>4'SIK^h'J'5A (N a2S i 03) 0. 5~1. 2mo 



(9) ^mW- 1 1 -1 0 6 3 2 4 



TO 0. 0 5-'0. 2 4mol»tXa<b:^-hUC?A (N 
a Br) 0. 5-2mol*l l<0-f*>3S»7KlcS»$1t 

;^«»tt*?#>bo >a:fcv N a2S I 03/STC/N a B r 
= 1/0. l/W4;S:t>Ll/0. 2/l-2<t:U 

[0 0 5 91 Hfijgm 3 V^-^;^g^<t(Dg{it 
:+;H-SS:*-hU'^A (Na4S i 04) 0. 5 — 1. 2 
moL ^^-;UhU-?*5^;UT>^— ^^A^P^-< H (B 
TO 0. 0 5-0. 2 4mol^ 1 lcr)>r:t>3:S^^klCS 
^S-tt^o mrlE^SSffyi 0<tl^«llcUT^tt;<V 

>5:*5. Na4S i04/BTC=l 
/O. 1-1/0. 2<tL^p coEHrtTfi. i>m 

[0 0 6 01 Hfisw 1 4 V/-H-7;^«^ttoiaiS 

-J^^SKtM-U-^A (N a2S i 03) 0. 5 — 1. 2mo 
K ^'N-ybhU^^^UTV^-'? A>:7P^-< K (BT 
0 0. 0 5-0. 2 Amo\JSiZ^-mit<r^m (S i 
02) 0-0. 5mol«1 IO>r5l->35»7KlcS»$-lt 

dcoa. BJEUffiWl 0<tPaiCUT»«.?*y7R- 
^;^«*^?#):to N a2S i 03+ S i 02< 1 . 

[0 0 6 1 1 ^y&m 1 5 m^:/- VTt^-^^^g^tf ogit 

>^SIK:^-hy -SA (N a2S i O3) 0. 5 — 1. 2mo 

ie^gn 1 gg 

2 0 2 ^ 

<S{;i>;S5^'*5<i:DJ9*>^:;i$8 5-9 O^fCTiinl^jS 
v>t5^;U/f^U>^P+1f> (6 c s) 



K Xx7U-^l/hU>5^;U7>^:=.«5Aypv-f K (S 
TB) 0. 05-0. 2 4mo\JSiZfmit')-hV1?A(N 
a Br) 0. 2-2mol€:l IO-</l">3£»7klcSj»$-^ 

-So eia. siEHMifMi oti^aici^Te«>v7K-^ 

J^»»«:#>ho afe. N a2S i O3/S T B/N a B r 
= 1/0. 1 /I — 4«Ct>L 1 /O. 2/1-2tU 

[0 0 6 21 ^tt. *§8WfcSeDTSit$n/::»«;?tV 

UftMicrio. 1 -8 osa%T*^o a<k. ij»m<ois 

fi&Oli^lcfiO. 1-1 OBM%X>^— flftMT^y. 

^&^{.Hm^zfu:^\^Jk(om^n(om^{z{to, 1-7 
oss%;&<-«w-c»^o 

[0 0 6 31 ±E<DS3p4«}t»»lCjJD^. ^i^fflffl 

[0 0 6 4] 

3% 
1 0 

2 

5 
3 0 
1 5 

g> 2 0 

1 1 
0. 2 
1 . 8 
2 

<D PSEfi^^fi^fCgt IC < t ^ 'b(0"C* o >to 
[0 0 6 51 



2 6 

3 5 
2 0 

2. 
2 
5 
1 



(10) 



1 1 -1 0 6 3 2 4 



8 

0. 2 

C(Ot>©€:mSO«t>JniCffi»fi£aiUT7'f->-t'H 
[0 0 6 6] 





4 0 






5 8. 


7 




0. 


2 




0. 


0 1 




1 




mn 


0. 


0 9 



[0 0 6 7] 



□ -;U^I»*^^o S6lc»»*»n^. Th^-f-!f-(c 
#fe2 0 2^ 



0. 
4 

2 2 

-7^;u 2 

0. 

7 

3 

2. 

0. 

0. 

0. 

5 

5 2. 
0. 



5 
5 

0 9 
4 2 

1 9 

3 



5 

#fe2 0 2^ 



[0 0 6 8] 



3 0 
3 5 
3 
5, 
0. 
3 
1 
7 
1 5 

[0 0 6 9] 



5 
5 



5 8. 
5 



9 7 



(11) 



1 -1 0 6 3 2 4 



>f^;u7t?u ->p+-y-> (1 0 0 c s ) 
>^;u/w HP-:^x>5i«u->p+-y-> 

/bfilS^fflfflti, S?4(D»ltSai^lc@+i«<t<i:t>lc. & 
[0 0 7 1 1 

[02] ssjgas (0. ISM) iz^&^m<Dm%^ 

[@3l S^ii[iSS (0. 5M) t^skm&(om^^7p. 

[S4] ^nig-as (1 . OM) t.^^^m<Dm%^7p. 
[@5] sisis-fis (1 . 5M) iz^rB^m<o^%^m 



1 

5 
2 
5 
8 
3 

1 0 
1 
1 

0.0 3 

c:lC^^^>g3SUT^3^^«:^^t^jg*^lraL/. 8 5*C~9 0 
'CCT^JUtS^L. »«*)S0^. ^JftU3 OlCif -5. 

[0 0 7 0] 

2 0 
2 2 

3 
5 

4. 5 
2 5 

(2 0 c s) 2 0 

0. 5 

[@6] p H|E9Sffi^]lnij£S (2nl/Riin) ii^gk^^ 
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